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Abstract:
The objective of this study was to examine the effects of zinc oxide (ZnO) nanoparticles
on egg, larva, and adult rough-skinned newts, Taricha granulosa. To date, little research
has been done to investigate the potentially detrimental effects of nanoparticles on
amphibians, especially salamanders and newts (caudates) . Chronic toxicity was tested on
eggs and larvae, and acute toxicity was tested on eggs, larvae, and adults. For eggs,
chronic exposure to ZnO nanoparticles caused higher mortality at 10.0 and 100.0 mg/L
compared to 0.0, 0.1, and 1.0 mg/L. When given an acute exposure (24h) to nanoparticles
at a late incubation stage, nanoparticles caused larvae to hatch five days early, at a
decreased developmental stage and smaller size compared to the control. Chronic and
acute exposure of larvae increased mortality up to 75% at both 10 and 100.0 mg/L, and
exhibited sublethal effects, most dramatically, severe gill degradation. These results
suggest nanoparticles can have lethal and sublethal effects on all life stages of
amphibians. For the first time to our knowledge caudates are shown to be vulnerable to
nanoparticle toxicity . Considering the paucity of data on this relatively new
environmental contaminant, the use of nanoparticles and their potential effects need to be
recognized as these substances become increasingly prevalent in the environment.
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1. Introduction:
Metal oxide nanoparticles, a unique and new type of pollutant, are increasing in usage
(Oberdorster et al. 2007) as nanoparticles are now being used in products that range from
cosmetics to pesticides (Panacek et al. 2009; Liu et al. 2008; Mu et al. 2010).
Nanoparticles are defined as particles less than 100 nanometers in length (SCENIHR
2006). Due to their large surface area:mass ratios, nanoparticles have many applications

in chemistry, agriculture, medicine, and material science (Daniel et al. 2004; Dimpka et
al. 2012; Salata et al. 2004; Chol et al. 1995). These qualities raise new questions in
toxicology because compounds smaller than 100 nanometers have been shown to be more
toxic than the same compound in bulk form (Borm 2002) due to increased surface area.

Aquatic environments often act as sinks for environmental contaminants, and current
research suggests nanoparticles act in a similar way to other colloid pollutants in aquatic
environments (Petosa et al. 201 O; Moore 2006). It is imperative to understand the effects
of nanoparticles on the organisms that will come into contact with them in the
environment. Current research shows that nanoparticles can have deleterious effects on
aquatic organisms, including fish (Zhu et al. 2008) , macroinvertebrates (Lovern et al.
2006), and algae (Navarro et al. 2008). Current evidence as to the effects of nanoparticles
on amphibians is limited to two studies on frogs (Nations et al. 2011 ; Nations et al.
2011). To our knowledge, nothing is known about the effects on caudate amphibians
(salamanders and newts) or across multiple life-history stages of any one species. Studies
on amphibians are particularly critical at this time, as rapid amphibian declines have been
observed since the 1950s (Houlahan et al. 2000; Alford et al. 2001; Sodhi et al. 2008;
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Wake and Vrendenburg 2008), and among the many causes, such as habitat destruction
or disease (Stuart et al. 2005; Daszak et al. 1999; Collins et al. 2004), pollution is
particularly apparent (Blaustein et al. 2003; Collins et al. 2003; Hayes et al. 2002;
Davidson 2004) .

This experiment examines the effects of ZnO nanoparticles on the mortality of eggs,
larvae, and adults of the rough-skinned newt (Taricha granulosa). This is the first study
on a caudate amphibian as well as the first study to test the effects of nanoparticles at
multiple life history stages. Mortality, growth, and development were measured in eggs
and larvae, but adults allowed for a wider spectrum of analyses, including corticosterone,
immunocompetence ability, and oxidative stress. Corticosterone (CORT) is an energymobilizing glucocorticoid that is often used as an indicator of stress (Sapolsky 1992).
This alone does not provide a comprehensive representation of an organism's health,
however, and therefore immunocompetence and oxidative stress were also measured as
critical components of an organism ' s health (Lochmiller et al. 2000). Using these data,
we addressed the following questions: (1) How do ZnO nanoparticles affect embryos and
larvae of newts exposed chronically at multiple concentration levels? (2) How do ZnO
nanoparticles affect embryonic and larval newts exposed acutely at different
developmental periods? and (3) How do ZnO nanoparticles affect adult newts exposed
acutely? We hypothesized ZnO nanoparticles would adversely affect newts at all life
history stages, with chronic exposure to ZnO nanoparticles causing higher mortality than
acute exposure, negative effects on development and size, and more deformities relative
to controls.
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2. Methods and Materials:
2.1 Experimental Animals:
Ten gravid adult female rough-skinned newts (Taricha granulosa) were collected from
Hunter Creek, Curry County, Oregon (42°23'19 .60" N, 124°25'21.54"W) in May 2014.
At Utah State University, they were housed individually in plastic containers with 2.0 L
of filtered dechlorinated tap water and a styrofoam perch in an environmental controlled
chamber at 14° Con a 12-h: 12-h light/dark cycle.

After 48 h acclimation, females were injected with 10 µL luteinizing-hormone-releasinghormone ([des-Gly10,D=His(Bzl)6]-LHRH ethylamide; Sigma #L2761) to induce
oviposition onto provided polyester fiber. All eggs were deposited between May 20 and
June 10, 2014 and were collected and separated from the oviposition site within 24 h.
Newt eggs were reared based on a previous protocol presented in Hopkins et al. (2012)
with the exception that eggs were reared singly in Petri dishes, not in groups of three.

2.2 Solution preparation:
Treatment solutions included 0.0 mg/L (filtered dechlorinated water, hereafter control),
0.1 mg/L, 1.0 mg/L, 10.0 mg/L, and 100.0 mg/L ofZnO nanoparticles (SigmaAlridch,
#721077), made by mixing ZnO nanoparticles with control solution. Nanoparticle
concentrations were selected from previous work on tadpoles (Nations et al., 2011) . All
solutions were stored in sealed glass jars at 14° C in the same environmental chamber as
the newts. Solutions were not sonicated but rather mixed before being dispensed to
simulate a more natural environmental setting, similar to other experiments (Nations et al.
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2011 ). Once in Petri dishes, test solutions were not stirred, as this could be stressful to the
animal. ZnO nanoparticles precipitated out of solution at 100.0 mg/L, but this was
acceptable because if they precipitate in the lab they will most likely precipitate in the
environment as well.

Two types of experiments were performed: chronic exposure and acute exposure.
Chronic exposure experiments were completed with eggs and larvae, while acute
exposure experiments were completed with eggs, larvae and adults, resulting in six total
experiments.

2.3 Experiment 1: Chronic Exposure of Eggs:
Eggs (N=537) were randomized to treatment groups: control, 0.1 mg/L, 1.0 mg/L, 10.0
mg/L, or 100.0 mg/L of ZnO nanoparticles. Four rnL of solution was pipetted into a 3 .5
cm diameter, 1 cm deep, round, plastic Petri dish (hereafter, Petri dish), into which one
randomly assigned egg was placed. Newt eggs were checked daily for mortality or
hatching. Length at hatching was measured using an ocular micrometer on an Olympus
stereomicroscope, and developmental stage at hatching was determined using the
salamander early life-history staging protocol of Harrison (1969). Larvae were kept in
Petri-dishes for two weeks after hatching, and were re-measured and staged at this point
to determine growth and development.

2.4 Experiment 2: Acute Exposure of Eggs:
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Eggs (N=400) were reared in control solution. Eggs were exposed to treatments of either
control or 10.0 mg/L ZnO nanoparticles for 24 h at 1, 9, 17, or 25 d after oviposition.
Four mL of solution was pipetted into a new Petri dish, into which one randomly
assigned egg was placed. After 24 h exposure, the eggs were returned to a Petri dish of
control solution. Eggs were checked daily for hatching and mortality and hatched larvae
were checked daily for mortality. Length and developmental stage were measured at
hatching and two weeks after hatching, as before.

2.5 Experiment 3: Chronic Exposure of Larvae:
Eggs (N=240) were reared in control solution. Eggs were checked daily for hatching.
Length and developmental stage were measured at hatching. Hatched larvae were
randomly assigned to one of five of the following treatment groups: control, 0.1 mg/L,
1.0 mg/L, 10.0 mg/L, or 100.0 mg/L of ZnO nanoparticles, and were placed singly in 4
mL of treatment solution in a new Petri dish immediately upon hatching. Larvae were

checked daily for mortality. Length and developmental stage were measured again two
weeks after hatching, at which point the experiment ended.

2.6 Experiment 4: Acute Exposure of Larvae:
Eggs (N=400) were reared in control solution. Eggs were checked daily for hatching.
Length and developmental stage were measured upon hatching. Larvae were exposed to
treatments of control or 10.0 mg/L ZnO nanoparticles for 24 h at 1, 4, 7, or 10 d after
hatching. At the treatment day, 4 mL of treatment solution was pipetted into a Petri dish,
into which one randomly assigned larva was placed. After 24 h, larvae were returned to a
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Petri dish of control solution. Eggs were checked daily for hatching and mortality. Larvae
were checked daily for mortality. Length and developmental stage were measured at
hatching and two weeks after hatching, as previously described in Section 2.5 .

2.7 Experiment 5: Chronic Exposure of Eggs and Larvae
Eggs (N=91) were randomized to treatment groups: control, 0.1 mg/L, 1.0 mg/L, 10.0
mg/L, or 100.0 mg/L of ZnO nanoparticles. Eggs were checked daily for hatching, upon
which length and developmental stage were measured. Larvae were then placed into
control solution or fresh corresponding treatment solution. Larvae were checked daily for
mortality. Length and developmental stage were measured at hatching and two weeks
after hatching, as previously described in Section 2.5.

2.8 Experiment 6: Acute Exposure of Adults
Adult newts (N=36) were housed in individual plastic containers of control solution at
14° C with 12-h :12-h light/dark cycle. Newts were randomly assigned a treatment group,
0.0 or 100.0 mg/L ZnO nanoparticle solution, and exposed to 500 mL of 100 .0 mg/L ZnO
nanoparticle solution for 24 h. At 24 h, newt tail tips were removed and blood was
collected from the caudal vein using a capillary tube. Blood was centrifuged and the
plasma was collected and frozen at -80°C until ready to be assayed.

2.9 Radioimmunoassays, bacterial killing assays, and oxidative stress assays
CORT concentrations were determined using a radioimmunoassay protocol adapted from
French et al. (2008) . In brief, samples were extracted using a solution of 30% ethyl
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acetate: isooctane in duplicate for CORT (MP Biomedicals, Lot #3R3PB-19E). Final
concentrations were adjusted using individual recoveries. Microbiocidal assays were
performed following French and Neuman-Lee (2012). In brief, 1:5 plasma dilution with
CO2-independent media and L-glutamine were combined with 104 colony-producing
units of Escherichia coli (EPowerTM Microorganisms #483-237-1, ATCC 8739,
MicroBioLogics, St. Cloud, MN) and agar broth. Samples were incubated in a 96-well
microplate for 12 h and absorbance was calculated using a microplate reader (300nm,
BioRad Benchmark, Hercules, CA). Reactive oxygen metabolites (ROMs) in the plasma
were measured to determine if there were elevated levels of oxidative stress. We followed
the protocol included with the d-ROMs Test kit (Diacron, Grosseto, Italy). Briefly, we
mixed the provided Rl and R2 reagents in a 1: 100 dilution to create an acidic buffered
solution with a chromogen. This resulting solution was kept in the dark until 5 µl of
sample plasma was added into separate wells of a 96-well mi crop late and 100 µl of the
Rl /R2 solution was added to each well. Nanopure water was used as sample blanks and
the provided serum was used as a calibrator solution. We followed the "end-point mode"
from the manufacturer's protocol and measured absorbance at 505 nm after a 90 m
incubation at 37° C. The resulting units are in mg H2O2/dl (1 CARR U = 0.08 mg
H2O2/dl).

2.10 Statistical analyses
Mixed effects models were used to predict the mortality rate of eggs and larvae at
different nanoparticle concentrations for chronic experiments. Data were analyzed in the
program R 3.1.1 with the packages "nlme", "arm", "lme4", and "stats" (Pinheiro et al.

9
2015; Bates et al. 2014; Gelman et al. 2014; R Core Team 2014) with mixed effect
models . The full model for egg and larval experiments is as follows:

Pr(Deathii= 1) = logif 1( aii + pi(log( concentration))i)
ai

~ N(µa, 0\) for j=l,2, .. .j andj=female

The probability of death is given by a logistic function with an intercept of a and slope of
p. The random effect of female affected the intercept. The concentration of nanoparticles
was centered for the model.

Sublethal continuous variables, including size, developmental stage, and days to hatch,
were analyzed in R using ANOVA's . For chronic experiments, data were compared by
concentration of ZnO nanoparticles . For acute experiments, data were compared by
treatment to control within treatment day. Adult corticosterone data were analyzed
separately by sex due to different responses to treatment. No differences were seen
between the sexes for bacterial killing ability ( p = 0.0545) and oxidative stress ( p =
0.371), so sexes were combined to give a larger sample size.
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3. Results:
Egg and larval mortality significantly increased as the concentration of ZnO
nanoparticles increased for both chronic egg and larval experiments. Nanoparticles
affected larval mortality more than egg mortality. Treated adult females showed higher
corticosterone levels.

3 .1 Experiment 1: Chronic Exposure to Eggs:
Egg mortality significantly increased as the concentration of ZnO nanoparticles increased
(Fig 1). A final mixed effects model is given by:

Pr(Deathij=l) = logir1( -2.309 + 0 .6294 log(concentration)i)
aj - N(0, 1.169 2a) for j=l,2, . .. j andj=female

The effect of nanoparticle concentration was highly significant (p < 0.001) and female
was used as a random effect to account for variation.
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Fig 1 Percent survival of chronically exposed eggs to different concentrations of ZnO
nanoparticles .

It appears that nanoparticles may have degraded the egg layer, causing the eggs to open
and forcing larvae to hatch earlier. Comparison of a control egg and treated egg in 100.0
mg/L ZnO show a white substance and degraded egg layer on the treated egg (Fig 2).
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A

B

Fig 2A (left) shows a newt egg in control solution with healthy egg layers. 2B shows an egg
treated with I 00.0 rng/L ZnO nanoparticles. There is a white substance and visible
degradation on the outer egg layer

3.2 Experiment 2: Acute Exposure to Eggs:
Egg mortality did not increase when exposed to I 0.0 mg/L ZnO nanoparticles for 24 h
when compared to the control. Eggs treated on day I , 9, or 17 showed no difference in
size, developmental stage, time to hatch, or mortality when compared to the control. Eggs
treated on day 25 hatched 5 d earlier on average (F, ,96=53.96, p<0.001) than the control.
When hatched, larvae were significantly shorter (F 1,96=3 9.69, p<0.001) and less
developed (F, ,96 =67.42, p<0.001) (Fig 3).
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Fig 3A (left) shows eggs exposed at day 25 to zinc oxide hatched significantly earlier. 3B
(middle) shows when larvae hatched less developed when eggs were treated at day 25, and
3C (right) shows treated larvae hatched smaller when eggs were treated at day 25 .

3.3 Experiment 3: Chronic Exposure to Larvae :
Larval survival was significantly effected by ZnO nanoparticle concentration, with
significantly greater mortality at 10 and 100 mg/L than at control, 0 .1, or 1.0 mg/L (Fig
4) . A final mixed effects model is given by:

Pr(Deathij= l) = logif 1( -1.303 + 2.7192 log(concentration)i)
O.j - N(O, 0.2635 2 0 ) for j= l,2, ... j andj =female

The effect of nanoparticle concentration was highly significant (p < 0.001) and female
was used as a random effect to account for variation.
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Fig 4 Percent survival of chronically exposed larvae to different concentrations of ZnO
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Seventy-five percent of newt larvae exposed to 10 or 100.0 mg/L ZnO nanoparticle
concentration also exhibited severe gill degradation. Gill degradation occurred within 2472 h of exposure and reduced the gills from long and filamentous to short and near the
body, essentially destroying the gills completely (Fig 5).
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Fig SA (left) shows a newly hatched newt larva newt larvae with healthy gills. 5B (right)
shows a larva after 1 day of treatment in 100.0 mg/L ZnO nanoparticles

3.4 Experiment 4: Acute Exposure to Larvae:
No larvae died in the control groups at any day treated. Larval mortality was significantly
greater than the control when exposed to ZnO nanoparticles for 24 h at all time periods,
with increasing mortality at later time periods (Fig. 6). Between 74 and 84% of larvae
exposed to 10.0 mg/L ZnO nanoparticle concentration exhibited gill degradation (Fig 5)
within 24 h of exposure.
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Fig 6 Percent survival for the 10.0 mg/L treatment group at all treatment days. The control
group at each treatment day is not shown because all control groups had 0% mortality.

3.5 Experiment 5: Chronic Exposure of Eggs and Larvae
All larvae raised at control solution survived, regardless of the solution the eggs were
raised in. Larvae that were reared embryonically in ZnO nanoparticles surviving fine in
this solution upon hatching, but died if transferred to a new Petri dish with 10 or 100
mg/L ZnO solution (Fig 7). These larvae that died in new 10 and 100 mg/L also showed
degraded gills.
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Fig 7 Percent survival for larvae transferred to new ZnO concentrations
upon hatching. All larvae in control solution survived, regardless of what
concentration the egg was raised in.

3.6 Experiment 6: Acute Exposure of Adults
Adult female newts had significantly higher corticosterone levels (F 1, 16 = 5.053, p =
0.039), and males were almost significantly greater (Fi ,16 = 4.086, p = 0.0603) (Fig 8).
Neither males nor females showed differences in oxidative stress (F 1,32 = 0.05 , p= 0.824)
or bacterial killing ability (F1 ,34 = 0, p= 0.994) among treatments.
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4. Discussion:
Our results demonstrate that ZnO nanoparticles had significant negative effects on all life
stages of newts. Chronic exposure of eggs dramatically increased mortality. Acute
exposure of eggs decreased time to hatch and subsequent size and developmental stage at
hatching. Chronic and acute exposure to larvae significantly increased mortality and
caused severe gill degradation (Fig 4). When exposed to new solution, larvae exposed at
10 and 100 mg/L experienced mortality while all larvae exposed to control solution
survived. Acute exposure to adult newts increased female corticosterone (physiological
stress). Our results suppo1t previous studies showing that ZnO nanoparticles increase
mortality and have serious sublethal effects on aquatic organisms, including crustaceans,
zebrafish, bacteria, and frogs (Zhu et al. 2008; Heinlaan et al. 2008; Tollefsen et al. 2008;
Nations et al. 2011) .

Chronic exposure of ZnO nanoparticles to eggs increased mortality. Although no other
studies on amphibian eggs exist, nanoparticles, including ZnO , have also been shown to
cause mortality in zebrafish embryos (Zhu et al. 2008; Bar-Ilan et al. 2009) . Acute
exposure did not affect eggs until the last quarter of their development. When exposed,
eggs hatched 5 d earlier causing them to hatch less developed and smaller. These
sublethal effects can significantly affect survival to adulthood because small, less
developed larvae are more prone to the negative effects of pollution (Hopkins et al. 2014;
Beebee 1986; Cooke 1979), higher predation and competition, as well as learning feeding
behaviors slower (Warkentin 1995; Warkentin 1999; Boone et al. 2002; Gall et al. 2011).
Salamanders have been shown to be phenotypically plastic in their hatch time, and can
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sense both predators and chemicals given off by predators (Sib et al. 2003). Being able to
alter timing of hatching allows larvae to stay in the egg shorter or longer depending on
the current environment of the egg. If nanoparticles are creating a negative environment,
larvae may be hatching earlier to become mobile and get to healthier surroundings.

Chronic exposure of larvae significantly increased mortality at 10 and 100.0 mg/L.
Larvae exposed to these levels of ZnO nanopa11icles also showed severe degradation of
gills . Acute exposure to larvae showed significantly higher mortality at all developmental
stages, but mortality increased the older and larger the larva was. Gill degradation was
also seen in larvae treated for only 24 h. Overall, chronic exposure of ZnO nanoparticles
affected mortality more significantly than acute exposure. Similar results of longer
exposure times increasing mortality were seen in a previous study testing zinc pollution
on X laevis (Haywood et al. 2004) . A different possibility may be ZnO nanoparticles
turning into soluble zinc (Zn) . Several studies have evaluated ZnO nanoparticles at the
same time as soluble Zn. ZnO nanoparticles showed similar toxicity to soluble Zn, and
the observed toxicity may simply be due to soluble Zn (Mortimer et 1. 2008 ; Franklin et
al. 2007 ; Heinlaan et al. 2008 ; Aruoja et al. 2009) due to the ability of ZnO to create
soluble Zn in the water column (USEPA 2005). Larval mortality of newts is correlated
with gill destruction and may be due to nanoparticles possibly having an affinity for
ciliated or filamentous ectoderm cells (Nations et al. 2010). Nanoparticles have been
previously shown to adhere to those portions of tadpoles based on scanning electron
microscopy of Xenopis laevis skin. This would explain why older larvae were more
susceptible to 24 h of treatment. Older larvae have larger, more filamentous gills because
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they have a larger metabolic need (Feder 1977). If gill are destroyed, the oxygen
availability for the larvae is greatly reduced.

Eggs appear to be providing protection to larvae by causing a precipitate to form on the
eggs (Fig 2B) and removing ZnO nanoparticles from solution. This is seen by the
combination of experiments one, three, and five. All larvae survived in their original
solution in experiment one after hatching after the eggs were in the solution for over one
month, yet when larvae were exposed to 10 and 100 mg/L ZnO in experiment 3, they
showed high mortality. This was corroborated by experiment 5 in which eggs exposed to
ZnO solutions were also exposed to new ZnO solutions. Larvae experienced mortality at
10 and 100 mg/L, showing that the larvae were still susceptible to ZnO nanoparticles
even if they experienced them as eggs, and that the eggs were taking ZnO nanoparticles
out of solution.

When exposed to 100.0 mg/L ZnO solution, adult female newts showed significantly
higher CORT concentrations and males showed a trend for higher CORT. These data
follow previous research showing pollutants can cause increased CORT (Hopkins et al.
1997; Song et al. 2001 ; Hayes et al. 2006) . Physiologically, this is important because an
organism has a finite amount of energy and individuals must maintain a dynamic
equilibrium where energy consumption is equal to energy expenditure (McCue, 2010) .
When stressors, such as nanoparticles, are present, more energy is needed than is
available (Wingfield, 2005). These often result in changes in resource allocation between
competing physiological processes (French et al. , 2007; Lucas et al., 2012), i.e. self-
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maintenance, irnmunocompetence, and reproduction. Previous research has shown high
levels of CORT suppress the reproductive and immune systems (French et al. 2007;
Berger et al. 2005). If our data follow this pattern, nanoparticles may have long-term
effects on adult newt fitness . Although adult newts did not show additional oxidative
stress when exposed to nanoparticles, previous research has shown the opposite in
different organisms (Xiong et al. 2011; Huang et al. 2010) . This may be due to only
sampling the blood once after 24 h rather than sampling multiple times after exposure.

In conclusion, this is the first comprehensive study to examine the effects of ZnO
nanoparticles on all life history stages of an amphibian. As nanoparticles become
increasingly common, it is important to understand the full effects on aquatic organisms,
including the mechanism behind toxicity seen in newts and other organisms.
Conservation efforts for amphibians and other aquatic organisms should regard
nanoparticles as an emerging and potentially dangerous new pollutant.
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Reflection
When I came to Utah State University, my interests were all over the board. I
came to SOAR interested in forestry . I started Utah State University as a chemistry major
because I was interested in science and the environment, but I had no experience in
research at all. As a freshman, I was awarded the Utah State University Undergraduate
Research Fellowship. As I began to look into different research programs, I realized
chemistry was not for me. I was starting college, and I wanted to make the most of it.
College was a place for me to start exploring what I enjoyed and wanted to work with as I
moved forward. Because I needed to join a research lab due to my research fellowship , I
started to look at different research programs . I have always enjoyed being outdoors and
in the enviromnent, so it is no surprise I found myself looking at the biology department.
As I looked through the research different professors did in the biology department, I
found myself interested in the physiology and ecology research that Dr. Susannah French
was doing.
I began in Dr. Susannah French ' s lab the fall of my freshman year, and my four
years since then have been a fantastic experience. Dr. French looks into how urbanization
and habitat change affects organisms ' physiology and health. I was interested in this lab
because I grew up in Salt Lake City, and I saw the effects of urbanization first hand. I
have been interested in how these types of habitat change, i.e. urbanization, habitat
destruction, increased human influence, will affect ecosystems that are on the edge of
these changes . Dr. French uses physiological measures, such as corticosterone, the
immune system, and the reproduction system, to create a proxy to investigate how well
an organism is doing. As I joined this lab, I thought that I would jump right into the
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research process. I could ask a question and immediately start an experiment, but I
learned right off the bat, in my first meeting with the lab actually, that this wasn't going
to happen. I learned quickly that my idea of research was very misinformed.
When I started in the French lab, Dr. French was about to have a baby and one of
the two graduate students, Lori Neuman-Lee, was about to take her comprehensive
exams. Despite the lab being quite empty, I stayed in the lab because I was really
interested in the subject. I began by taking care oflaboratory animals with Marilize Van
der Walt. We figured out what sex they are, fed the snakes, and made a better protocol for
taking care of laboratory snakes working with the Savitzky lab.
Because I persisted in working and volunteering in this lab, I got a field
technician job in the lab to catch lizards throughout the Arizona, Utah, and western
Oregon. This job is what started my first independent research project. I collected blood
samples and looked to see if the lizards had parasites in their blood. I analyzed if these
parasites correlated with the physiological measures that the French lab usually measures.
Because this was my first independent project, I began learning how to ask independent
questions that were actually experiments and something you can answer. As I said earlier,
I joined the lab thinking that I would start my own experiment right off the bat. After
working in the lab for an over eight months, I began to learn everything that actually
happened in the lab. Science is about asking new, well-specified questions that can
actually be answered. I learned that the questions are not going to be large and vague,
such as "How do parasites affect physiology?", but rather "How do endo- and
ectoparasites affect corticosterone, the immune system, and testosterone?". The latter
question, while not an encompassing and a "one-size fits" all answer to parasite biology,
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is actually able to experiment on and answer. This is perhaps one of the most important
things I have learned in my experience in my lab: how to take large and very interesting
questions and parse them down into experiments that are both feasible and infonnational.
Following this, I began to be more independent in the lab. The following fall , I
saw a poster at the biannual Biology Symposium put on by the biology department about
the use of nanoparticles as a alternative to conventional pesticides. I asked the student
how nanoparticles affect aquatic organisms that were likely to encounter them due to
runoff or pollution, and he did not know. After a little bit of research, I found out that
there was almost no research on aquatic organisms besides fish, and that there was none
on salamanders. Because of this, I was interested in how nanoparticles would affect an
animal we often use for experiments in my lab, the rough-skinned newt (a type of
salamander).
For my original Honor's Thesis , I set up one experiment. I was going to examine
how zinc oxide (ZnO) nanoparticles affected newt eggs. I began collecting eggs for my
experiment, and when I collected enough, I realized the newts were still laying eggs.
Because of this, I set up three more experiments, and I used almost 1600 newts in the
process.
This was the first experiment that I was in charge of the entire research process. I
came up with the idea, I applied for funding, I completed all of the data collection, I
analyzed my results , and I am writing the manuscript. It was eye opening to see what this
process entails. While I was studying biology, I learned about a lot of scientific material.
I took physiology classes, ecology classes, taxonomic classes. I only ever took one
English class, yet I spent more time writing my thesis and manuscript than I did coming
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up with the idea or doing the data collection. I also was only required to take one
statistics class for my major, but my mentor told me early to take as many statistics
classes as possible. With this advice, I took four more stats classes, and I can already see
how helpful it is.
While I was completing my thesis, I learned a lot about becoming a better
scientist, writer, and student. I will be continuing my education at the University of
Connecticut in the fall for a PhD program in ecology and evolution, and I will definitely
use what I learned writing my thesis moving forward.
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